Oxoid VET-RPLA, ST-EIA and Pharmacia Phadebact ETEC-LT enterotoxin tests were compared to find a simple but reliable method for detecting enterotoxigenic Escherichia coli (ETEC) in Hungary. In the Oxoid tests, all six reference LT-or ST-producing strains, except one ST-producer, gave positive results. Of 1 1 reference porcine enterotoxigenic strains, all four LT-producers gave positive reactions for LT but three of 10 ST-producers gave negative reactions for ST. Thirteen of 50 strains from culture collections of H. Steinruck (Germany) were LT+ and nine of 33 were ST'. When 31 isolates were tested simultaneously with the Oxoid and the Pharmacia LT tests, 12 strains were LT+ by the Oxoid LT test but by the Phadebact LT test only seven of these strains were LT+ and, of the remainder, three gave uncertain results and two gave negative results. Of 69 porcine strains, seven were LT' and three ST+. Of 901 human strains isolated in Hungary, 10 were LT+ and one of 24 tested was ST'. In two cases, ETEC strains were isolated from contacts of travellers returning from Mongolia and Bangladesh. Results of comparative studies with reference strains corresponded well to those of the classical toxin detection tests. The Oxoid test was rapid, sensitive, specific and easy to perform and is recommended for use in screening ETEC isolates.
Introduction
Escherichia coli is a common commensal organism in the gut, where most strains are non-pathogenic. However, some can produce diarrhoea by a number of distinct mechanisms. Based on virulence properties, interactions with the intestinal mucosa, clinical symptoms and 0 :H serotypes, diarrhoeagenic E. coli strains can be divided into four categories : enterotoxigenic (ETEC), entero-invasive (EIEC), enteropathogenic (EPEC) and enterohaemorrhagic (EHEC). ' ETEC are an important cause of diarrhoea1 disease in man and
In man, ETEC are encountered in tropical areas as endemic pathogens and they are also the agents most frequently responsible for travellers' diarrhoea. Among newborn calves and piglets, scouring elicited by ETEC is also common and causes serious economic losses.
ETEC strains can produce two types of enterotoxins3-LT, a heat-labile enterotoxin' and ST, are also two types of ST-STa is active in a suckling mouse model,' whereas STb causes fluid accumulation in the ligated intestinal loop of pigs but is inactive in the suckling mouse test." There are two forms of STa-STal and STa2. l 1 Several methods have been developed for the detection of enterotoxin : the rabbit ligated-intestinal loop model;' *, l 3 the rabbit skin test ;I4 the Y-l adrenal cell assay;' and the enzyme-linked immunosorbent assay (ELISA).16 However, none of these proved to be suitable for screening for enterotoxigenic E. coli strains in routine bacteriological laboratories to determine their incidence.
Recently, ' 7 3 * some new tests (Oxoid toxin detection kits, Pharmacia Phadebact ETEC-LT test) have become available and offer the possibility of rapid, simple, detection of enterotoxigenic E. coli. The Oxoid tests are suitable for the detection of LTI-as well as STa 1and STa2-producing E. coli.
Our aim was to compare the accuracy, sensitivity and specificity of these new tests, and to choose the simplest and most reliable one for screening for enterotoxin producing E. coli strains and determining their incidence in Hungary. 
Materials and methods

Bacterial strains
A total of 1042 strains was studied. Porcine strains (69) were isolated at a farm where postweaning diarrhoea occurred frequently. The human strains (873) originated from diarrhoea1 cases and were isolated during 1981-1983 and in 1990; another 28 strains were isolated by Milch and Gyenes" in 1972. In addition, 11 reference strains and strains from the culture collections of H. Steinruck (50 strains) and G. SemjCn (1 1 strains) were used for comparative studies. The latter were tested by Y-1 cell culture, the ligated loop test or the suckling mouse model. All 1042 strains were examined for LT and 80 for ST production by Oxoid tests. Comparative studies of 31 strains were made with the Pharmacia LT and Oxoid LT tests.
Enterotoxin assays
For detection of LT production, the Oxoid toxin detection kit (VET-RPLA; based on reversed passive latex agglutination) and the Phadebact ETEC-LT test (based on coagglutination) (Pharmacia Fine Chemicals, Uppsala, Sweden) were used according to the instructions of the manufacturers. STa was detected by the Oxoid ST-EIA test based on a competitive enzyme immunoassay. Briefly, for the Oxoid LT test, E. coli isolates were inoculated into Mundell's medium-Casein Peptone (Oxoid L42) yeast extract, salt solution (ferric chloride, manganese chloride, magnesium su1phate)-and incubated at 37°C for 18 h. Polymyxin B was added to give a concentration of 10 000 units/ml. After further incubation at 37°C for 4 h the culture was centrifuged at 900 g for 20 min and the supernate was used as the test sample. For ST detection, strains were inoculated into Casein-Yeast (CA-YE) broth, incubated at 37°C for 18 h and the cultures were centrifuged at 900g for 30 min. The supernate was used as the test sample. For the Phadebact LT test, strains were grown on blood agar and a loopful was suspended in 100 pl of "extraction solution" for the test sample.
Cell culture assay
The cytotoxic activity of strains on Vero cells was studied according to the method previously described.20
Results
All the reference LT-and ST-producing strains, except strain P307 which failed to produce ST, were found by the Oxoid tests to produce the expected toxin (table I) . Verotoxin-producing E. coli and Shigella dysenteriae serovar 1 strains were found to be enterotoxin-negative. E. coli strains 3 and 4 of serotype 026 :H 1 1, reported to be enterot~xigenic,~~ were found by us to produce verotoxin and they produced neither LT nor ST by the Oxoid tests.
When 1 1 (SemjCn's) porcine enterotoxigenic strains were tested, all four LT-producers gave positive reactions in the Oxoid tests for LT (table 11) . Of the 10 ST-producing strains (strains whose soft agar culture supernates after heating at 100°C for 30 min caused fluid accumulation in the ligated gut of 5-week-old pigs), seven gave positive results and three gave negative results in the Oxoid ST test. In both tests, no reaction was elicited by the non-enterotoxigenic (P70) strain.
To compare the Oxoid LT (VET-RPLA) and the Pharmacia LT (Phadebact ETEC-LT) tests, 3 1 isolates were tested simultaneously (table 111) . By the Oxoid test 12 strains were found to be LT-positive, whereas with the Phadebact test only seven of these strains gave positive results, three gave uncertain results and two were negative. In addition, two Oxoid testnegative strains gave uncertain reactions by the Pharmacia test. Thirteen out of 50 German strains (Steinriick collection) were LT" and nine out of 33 were ST+ by the Oxoid test (table IV) . Eight of these also produced LT and one produced ST only. All but one of the strains found to be LT+ when tested in Germany were also positive by the Oxoid test, but seven strains found two years earlier in Germany to be STf were negative by the Oxoid test. However, it could not be excluded that these strains had lost their original toxicity. Of the 901 human strains isolated in Hungary from faecal samples or jejunal juice of patients with gastroenteritis, 10 strains, one a strain of Citrobacter freundii, were found to produce LT and none of these produced ST. Six of these were amongst recent (1990) isolates from 300 patients. Of 24 strains tested for ST, one was ST+, but LT- (table V) . In two cases, ETEC were isolated from contacts of travellers who had been visiting Bangladesh and Mongolia.
Of the 69 pig strains, seven produced LT only (these were of serogoup 08, 0141 and 0149) and three produced ST only (these were serogroup 0147 and 0 1 57).
Discussion
Infantile diarrhoea through enterotoxigenic E. coZi strains is rare in developed countries, but occasional outbreaks have been r e p~r t e d .~ Although ETEC strains from widely separated geographic areas belong to a comparatively limited number of serogr~ups,~' the serogroups commonly associated with ETEC (e.g., 06,08,020,025,078, etc) are also the ones occurring most frequently in the faeces of healthy individual^.^^ Therefore, serotyping isolates is an unsatisfactory method of detecting ETEC. The only way to detect ETEC is to show LT and/or ST production. Because LT is structurally, antigenically and functionally related to cholera detection is based on cholera toxin detection methods. However, these are too complicated and time-consuming for regular use in nonspecialist laboratories. Now rapid and simple tests for enterotoxins based on agglutination are available commercially. 3 5 9 36 Through their use it was shown that ETEC was more commonly associated with diarrhoea1 disease in Australia than had been a n t i~i p a t e d .~~
On the other When the Oxoid LT test and the Phadebact LT test were compared, the former proved to be more sensitive. In some cases, in addition to falsely negative results, the Phadebact test gave unclear results. However, the results of the Oxoid test on the reference enterotoxigenic strains agreed with those determined by other assays. On the basis of our findings, we recommend use of Oxoid tests, because they are rapid, sensitive, specific and easy to perform.
The Oxoid test was less useful in detecting STproducing E. coli among porcine isolates. 39 Moreover, as this test uses plates with precoated wells, it is not an efficient method for testing small numbers of isolates from sporadic cases.
Our results also show that the Oxoid LT and ST tests can differentiate LT and ST production from production of other cytotoxins. As expected, strain H30 of serotype 026 :H11 and a VT-producer2' gave negative results in tests for ST and LT. Previous tests,13* 27940 in which VT-producers were tested in animal models, gave inconsistent results although it has been shown that purified VT is active in the rabbit ileal loop model. In this study we found that strains 3 and 4, also of serotype 026:Hll and previously considered to produce an altered LT27y 41 gave negative results for LT and ST by the Oxoid tests but positive results in a test for VT. Thus, the specificity of Oxoid LT and ST tests can preclude such confusions in classification of ST, LT or VT.
This work has revealed that LT-producing strains are also involved in human diarrhoea1 disease in Hungary. The detection of an LT-producing C. freundii strain is interesting, particularly because our recent examinations of an outbreak of diarrhoea showed ST+ strains of C. freundii to be the aetiological agent. Our public health laboratories have started to search for toxigenic isolates in diarrhoea1 epidemics of unknown origin by the rapid, simple Oxoid tests. 
